Abstract
5B), whereas the trh 1 /trh 2 larva had shorter paths and a slower speed of 0.14 mm/s.
8 2
The head turning frequency in trh 1 /trh 2 was comparable to both controls, not 2 8 3
contributing to the slow moving (Fig 5C 
9 4
This uncoordinated stride cycle prompted us to examine the bouton 2 9 5 morphology in anterior and posterior segments of trh 1 /trh 2 larvae. Strikingly, we 2 9 6
detected the bunch bouton phenotype in segments A2-A4 of individual trh 1 /trh 2 2 9 7 mutant larvae, whereas bouton morphology in their respective posterior A5 and A6 2 9 8 segments was relatively normal (Fig 6A) . In fact, we seldom observed the bunch 2 9 9
bouton phenotype in posterior segments ( Fig 6B) . In wild-type larvae, all segments 3 0 0
we examined had normal bouton morphology (Fig 6A and 6B) . While bunch boutons 3 0 1 appeared in A2-A4 segments, the total numbers of boutons were comparable in all but had no effect on the morphological phenotype of the posterior A6 segment (Fig   3  0  6 6E). Thus, induction of bunch boutons is specific to anterior A2-A4 segments.
0 7
Given the bunch bouton phenotype in trh 1 /trh 2 larvae, we assessed basal 3 0 8 synaptic transmission properties, firstly at muscle 6 of anterior A3 segments.
0 9
Amplitude of evoked junctional potential (EJP), as well as the amplitude and 3 1 0 frequency of miniature EJP (mEJP), were comparable among controls and trh 1 /trh 2 3 1 1 larvae (Fig 7A-7E) . The quantal content, calculated by dividing the EJP amplitude 3 1 2
with that of mEJP, were also equivalent (Fig 7F) . We then evaluated the synaptic 3 1 3 transmission properties of muscle 6 for posterior A6 segments. Although the 3 1 4
amplitude and frequency of mEJP and the EJP amplitude in trh 1 /trh 2 larvae remained 3 1 5 similar to controls, we did detect a significant reduction in the quantal content of 3 1 6 mutant larvae (Fig 7F) . Thus, the impaired synaptic activity of posterior segments of 3 1 7 mutant larvae seems to be consistent with their defective stride cycle. Here, we demonstrate that Trh, a member of the NPAS protein family, non-cell 3 2 0 autonomously regulates synaptic bouton formation at NMJs through a hypoxia 3 2 1 response from glia. We observed small-sized and clustered boutons, so-called bunch 3 2 2 boutons, at the NMJs of trh mutant larvae or larvae reared at low oxygen levels. The 3 2 3
abnormal bouton morphology at trh NMJs could be suppressed by reducing levels of 3 2 4
the hypoxia response factor Sima in glia. We further showed that Sima enhanced the 3 2 5
Wg signal from glia to cause bunch bouton formation. Although normal synaptic 3 2 6
transmission was detected at NMJs located in anterior segments of larvae bearing 3 2 7
bunch boutons, reduced synaptic transmission was found in posterior segments 3 2 8
lacking bunch boutons of the trh mutant, suggesting that glia-induced bunch bouton 3 2 9
formation might be a homeostatic response to restore normal synaptic transmission.
0
Imbalanced synaptic functioning of mutant NMJs might contribute to the 3 3 1 uncoordinated stride cycles detected in the trh mutant, slowing larval crawl speed.
2
Thus, we provide a model for studying the glial responses that modulate synaptic 3 3 3 remodeling during hypoxia.
4 5
Glia play a critical role in response to hypoxia in the trh mutant 3 3 6
Animal cells adapt to hypoxia by triggering the expression of HIF-1α/Sima, the 3 3 7
master transcriptional regulator of the hypoxia response [49] . We observed defective 3 3 8
tracheal structure in the trh mutant (Fig S2A) , which may result in hypoxic conditions 3 3 9
inside the larval body. The increase in terminal branch number (Fig S2B) for Drosophila larval glia in sensing hypoxia via the conventional HIF-1α/Sima 3 7 8
pathway, warranting further detailed study.
7 9
We also demonstrated that under hypoxia, glia modulate the formation of 3 8 0 synaptic boutons (Fig 3) . These results clearly place the glia-modulated morphology boutons at trh NMJs (Fig 1A and 1B) was not accompanied by altered synaptic 4 1 2 transmission (Fig 7A-F) , which may reflect a compensatory effect during long-term 4 1 3
hypoxia.
1 4
The bunch bouton phenotype has also been described in spastin mutants [34, 62] differ, with bunch boutons only appearing in anterior segments (Fig 6A and 6B ).
3 5
Furthermore, synaptic transmission at trh NMJs remained normal in anterior A3 4 3 6
segments but was impaired in posterior A6 segments (Fig 7A-F) . These observations 4 3 7
are consistent with bunch bouton formation being part of a homeostatic response to (Carl Zeiss) using a 20x objective, and were analyzed as previously described [36] .
9 2
Each dot in the bar graph represents data from a single embryo in which fluorescence 4 9 3
was measured in at least 35 cells.
9 4
Electrophysiological recordings 4 9 5
Basal transmission properties were analyzed at NMJs of muscle 6/7 in specified 4 9 6 segments of wandering third-instar larvae as previously described [78] , with some 4 9 7
modifications. The larval body wall was dissected in cold calcium-free HL3 solution counted, and 7-10 steps for each of ten larvae were analyzed for each genotype. 
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1 6
The Gcm/Glide molecular and cellular pathway percentages (mean ± standard error of mean, SEM) of bunch boutons to total boutons.
5 5
(B) w 1118 , 0 ± 0%, n = 10; trh 1 /+, 3.64 ± 1.74%, n = 10; trh 1 /trh 2 , 18.04 ± 3.65%, n = 8 5 6
10. (D) trh-RNAi , 0 ± 0%, n = 10; btl-GAL4, 0 ± 0%, n = 10; btl>trh-RNAi, 8.64 ± 8 5 7
2.81%, n = 9; elav-GAL4, 0 ± 0%, n = 10; elav>trh-RNAi, 0 ± 0%, n = 10; repo-GAL4, 8 5 8
2.14 ± 1.56%, n = 10; repo>trh-RNAi, 0 ± 0%, n = 10; MHC-GAL4, 0 ± 0%, n = 10; Mann-Whitney test is shown as n.s., no significance; *, p < 0.5; **, p < 0.01; ***, p < 
